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THE DEVELOPMENT AND APPLICATION OF HIGH-CRITICAL-SPEED NOSE INLETS

By DONALD D. BAALS, NORMAN F. SMITH, and JOHN B. WRIGHT

SUMMARY

An analysis of the nose-inlet shapes developed in previous

investigations to represent the optimum from the standpoint of

critical speed has shown that marked similarity exists between

the nondimensional profiles of inlets which have widely differ-

ent proportions and critical speeds. With the nondimensional

similarity of such profiles established, the large differences

in the critical speeds of these nose inlets must be a function of

their proportions.

An investigation was undertaken in the Langley 8-foot

high-speed tunnel to establish the effects of nose-inlet propor-

tions on critical 3lach number and to develop a rational method

for the design of high-critical-speed nose inlets to meet desired

requirements. The nondimensional ordinates of the B nose

inlet, which were developed in a previous investigation to be

optimum .from the standpoint of critical speed, were extended

and modified slightly to improve the fairing. These ordinates,

now designated the NACA 1-series, were then applied to a

group of nose inlets involving a systematic variation of pro-

portions. Wind-tunnel tests of these nose inlets were made

through wide ranges of inlet-velocity ratio and angle of attack

at .'tiach numbers of 0.3 and 0.4. Tests of representative

nose inlets were carried to high speed (a maximum .'tlach

number qf 0.7). Pressure distributions and critical .'tIach

number characteristics are presented for each of the nose inlets

tested. The results of these tests show that the length ratio

(ratio of length to maximum diameter) of the nose inlet is the

primary factor governing the maximum critical speed. The

effect of inlet-diameter ratio (ratio of inlet diameter to maxi-

mum diameter) on critical speed is, in general, secondary;

but this ratio has an important function in governing the extent

of the inlet-velocity-ratio range for maximum critical speed.

The highest critical Mach number attained for any of the nose
inlets tested was 0.89.

The data have been arranged in the form of design charts

.from which NACA l-series nose-inlet proportions can be

selected for given values of critical ,VIach number and airflow

quantity. Examples of nose-inlet selections are presented for

a typical je_-propulsion installation (critical ,'t/lach number of

0.83) and for two conventional radial-engine installations

(critical ,_Iach number of 0.76).
The selection charts and NACA 1-series ordinates are

shown to be applicable to the design of cowlings with spinners

and to the design of high-critical-speed fuselage scoops. The

possibility of application of the NACA 1-series ordinates to

the experimental development of wing inlets is also indicated.

INTRODUCTION

Marked increases in airplane speeds have created a demand

for design data on high-critical-speed air inlets suitable for

use with jet-propulsion units, gas-turbine propeller units,

and conventional engine installations. Previous develop-

ment programs on air inlets have produced the NACA C

cowling having a critical Mach number of 0.63 (reference 1)

and the B nose inlet having a critical Mach number of 0.84

(reference 2). These inlets have widely different propor-

tions; the first is short with a large-diameter air inlet; the

second is of considerably greater length with a small-diameter

air inlet. Each nose inlet was developed to represent the

optimum design from the standpoint of critical speed for

the particular proportions involved.

Little information has been available on air inlets having

proportions in the range between these two specific shapes.

The research program reported herein was undertaken at

the Langley 8-foot high-speed tunnel to establish the effects

of variations of nose-inlet proportions on the critical Mach

number and to develop a rational method for the design of

nose inlets intermediate to the NACA C cowling and B nose

inlets, both in proportions and in design critical Mach
numbers. Such data have direct application to the design

of high-critical-speed nose inlets and to the development of

scoop-type air inlets.

SYMBOLS

a speed of sound, feet per second

V velocity, feet per second

M Mach number (V/a)

V1/Vo inlet-velocity ratio

a model angle of attack, measured from model center

line, degrees

density, slugs per cubic foot

ratio of specific heats (for air, 1.40)

static pressure, pounds per square foot

pressure coefficient (_0P°)

critical pressure coefficient, corresponding to local
Mach number of 1.0

mass flow, slugs per second (pAir)

area, square feet ¢,

mass-flow coefficient "_: .

dynamic pressure, pounds per square foot (2 pV")"'"--- "_
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total-pressure loss between free stream and measure-

ment station, pounds per square foot

total conical-diffuser angle, degrees

maximum diameter of nose inlet

inlet diameter

inlet-diameter ratio

distance from entrance, measured along nose-inlet
center line

nose-inlet length, measured from inlet to maximum-

diameter station

length ratio

maximum frontal area of nose inlet, corresponding to

D, square feet

ordinate measured perpendicular to reference line

maximum ordinate, measured perpendicular to ref-

erence line at maximum-diameter station (See

table I.)

nose-inlet lip radius

arbitrary factor (See section entitled "Effects of

variations in basic profile" and fig. 7.)

Subscripts:

rain minimum

cr critical

0 free stream

1 nose-inlet entrance

DESIGN ANALYSIS

DRRIVATIONOF BASICNOSl¢ OI_DINATE3

The A, B, and C nose inlets presented in reference 2 were
derived experimentally in a systematic series of wind-tunnel

tests to approach the optimum from the standpoint of critical

speed. A comparison from reference 2 of the nondimensional

profiles for these nose inlets having different proportions

(fig. 1) indicates a similarity of profile for all three inlets.

Marked similarity of profile is noted for the B and C nose

inlets; the A nose inlet, however, varies somewhat from the

basic profile of the B and C nose inlets. This variation is
believed to be due to the limitations encountered in the tests

of reference 2, which involved the fairing of this nose inlet

of large diameter into the basic streamline body at a given
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point and with a given slope. These limitations were not
serious for the B and C nose inlets, which have small inlet
diameters, and correspondingly greater lengths were avail-
able for fairing than for the A nose inlet. A flat pressure
distribution similar to the distributions obtained for the

B and C nose inlets was not obtained for the A nose inlet,
for which a pressure peak oc¢nrred at all inlet-velocity ratios.

Although the difference between the nondimensional B and
C nose-inlet ordinates is small, the ordinates of the B nose
inlet have been selected for general use because the original
proportions were considered to correspond more nearly to
current design applications than those of the C nose inlet.
The nondimensional B nose-inlet ordinates have been applied
to the layout of various nose inlets that differ appreciably
from the original nose-inlet proportions in length, inlet
diameter, and maximum diameter. In reference 3, in which
the variation from the original B nose-inlet proportions was
considerable, the pressure distribution over the resulting
nose inlets exhibited the characteristic flat contour with low
values of the pressure peak. It was thus indicated that the
basic B nose-inlet profile and the method of nose design could
be applied to the design of nose inlets having proportions
greatly different from those of the original nose-inlet shape
tested.

Difficulty was experienced, however, in the application
of the original B nose-inlet ordinates.- The slope of the
nose-inlet profile at the station at which the nose faired
onto the streamline body was a finite value that varied

with the nose-inlet proportions assumed. It was evident
that the nondimensional profile should be extended to a
point at which the slope was zero (maximum-diameter
station). In order to attain this extension, the B nose-inlet
ordinates were considered to include the NACA 111 stream-
line body (to which the original nose inlet was faired)
as far back as the maximum-diameter station. The resulting
ordinates were developed in a nondimensional form and
are plotted in figure 2.

The fairness of the extended B nose-inlet ordinates could
not be determined from the measured pressure distribution
presented in reference 1because the wing-support interference
affected the pressure distribution over the rear part of the
nose inlet. Plots of the slope and the rate of change of slope
of the extended B nose-inlet ordinates indicated a slight
amount of unfairness in the region where the original B
nose inlet joined the streamline body. On the assumption
that the curves of slope and rate of change of slope should
be fair (these two curves together specify the local radius
of curvature), the two curves were faired and the resulting
ordinates determined. The faired ordinates, hereinafter
designated the NACA l-series ordinates, are given in table I
and are plotted in figure 2 in comparison with the extended
B nose-inlet ordinates. The two curves are practically
identical over the critical forward sect.ion and have only
minor differences over the rear section. The resultant
NACA 1-series ordinates are, therefore, essentially the
original NACA B nose-inlet ordinates with the addition of
a faired extension back to the maximum-diameter station.
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NACA 1--SERIES ORDINATES In figure 3 the NACA C cowling -=0.70; =0.31

[Ordinates in percent]

'"'""._Nose rod�us, r' "=.JTeference //he

y_____D--d r
2

For r=O.O25Y:Y=_._-_ 2.05

60.11
60._

92._
_.11

_. 95
94. 75

60._
_.35

97.87
_._

_.74
_,09
_.40

_.65
60._
60._

60._
1_.09

y/Y

4L 94

43.66
45. 30
46.88

48.40
49. 88
51.31

54.05
55, 37

56.56
57. 92
59. I5

60.35
61, 52

62. 67
63.79
64. 89

65. 97
87.03
68.07

v/Y

9.33

12. 72

14. 72
16. 57
18. 31

19.94
21.48
22.96

24. 36
27. 01

29.47
31.81
34. 03

36.13
38.15
40. 09

_os

_X

34.0
35. O

38.0
37. 0

38. 0
39.0
_iO.O
4LO

42. 0
43,0

44,0
45, 0

47. 0
48.0

49, f)
50,0
-52. 0
54,0

56,0
58,0

,v/Y z/X

60.0_ 60.0
70, (_ 62. 0

71.05 54.0

96°96.0

74. 75 72. 0

75. 63 74.0
76. 48 76.0

7S.iS
_.95 s_o
79, 74 84. 0

_0,50 86.0
8L 25 60. 0
81.99 60.0

82.69 92.0
84.10 94.0
85.45 96.0

,_._ gS. 0
$7. 95 100.0

radius: 0.025 Y

The NACA C cowling ordinates are presented in reference 1.
These cowling ordinates, derived from a systematic series
of wind-tLlnnel tests, were developed to attain the maxi-
mum critical speed for conventional cowling proportions.
The cowling pressure distribution approaches the fiat shape
that is optimum from the standpoint of critical speed.
A comparison of the NACA C cowling profile with the
NACA 1-series ordinates on a nondimensional basis (fig. 3)
shows reasonabIe agreement. Figure 3 also shows the
nondimensional profile of an N'ACA wing-inlet shape that
is discussed in the section entitled "Wing inlets."

.Y \

and the original B nose inlet (D=0.38; _.=1.85)are

sketched to scale. The great difference in the proportions
of these two nose inlets, which approach the optimum from
the standpoint of critical speed, is evident. The critical
Mach numbers of the NACA C cowling and B nose inlet are,
from references 1 and 2, 0.63 and 0.84, respectively. With
the nondimensional similarity of the profiles of these two
nose inlets established (fig. 3), the large variation in critical
speed must be a function of the nose-inlet proportions. It
is indicated, therefore, that nose inlets having proportions
intermediate to these two nose inlets and having critical-
speed characteristics approaching the optimum can be de-
rived from essentially the same nondimensional profile.
With the NACA 1-series ordinates as a basic profile, a sys-
tematic series of wind-tunnel tests was undertaken to de-

termine the effects of nose-inlet proportions on critical speed.

NOSF__INLET DESIGNATION

A designation system for nose inlets has been devised that
incorporates the following basic proportions (see sketch in
table I):

d inlet diameter
D maximum outside diameter of nose inlet

X length of nose inlet, measured from inlet to maximum-
diameter station

The number designation is written in the form 1-40-150.
The first number in the designation represents the series; the
number 1 has been assigned to the present series. The
second group of numbers specifies the inlet diameter in per-
cent of maximum diameter d/D; the third group of numbers
specifies the nose-inlet length in percent of maximum diameter
X/D. The NACA 1-40-i50 nose inlet, therefore, has a

t-series basic profile with _=0.40 and _= 1.50.

APPARATUS AND TESTS

MODELS

The nose inlets of the N-ACA 1-series investigated are
illustrated in table II. These nose inlets represent a syste-
matic variation of inlet-diameter ratio diD from 0.40 to
0.70 and of length ratio X/D from 0.30 to 2.00 All nose-
inlet models were of 12-inch maximum diameter and were

constructed of wood. With the exception of the nose inlets

of _=2.00, for which the length was 24 inches, the length

of the detachable nose inlets was maintained at 18 inches.

This length corresponds to a value of X/D of 1.5. To nose

inlets having -_ 1.5, cylindrical sections (skirts) were added

to maintain the over-all length at 18 inches. Several of the
nose inlets were provided with detachable skirts in order to
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TABLE II
NACA 1--SERIES NOSE INLETS TESTED
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investigate the effects of varying fineness ratio of the test

body. Scale drawings of each of the nose inlets tested are

presented in figure 4, grouped according to inlet-diameter

ratio. Photographs of certain of the nose inlets (with skirts),

which illustrate variations in length ratio and inle. diameter

ratio, are presented in figure 5. The duct lip radius for all

nose inlets tested was maintained at 0.025Y (table I), which

is approximately the same value as in the development tests
of references 1 and 2. Several minor modifications to the

lip radius and internal fairing were tested. (See fig. 6.)

No attempt was made to simulate an aircraft internal-flow

system insofar as internal resistance and duct lines are con-

cerned. The model ducts for the nose inlets were conical

back to the parting line of the movable nose section, where

all ducts had a common diameter of 7.2 inches.

In addition to the nose inlets listed in table II, the NACA

d
(3 cowling was tested. Three nose inlets havingD= 0.60 and

_ 1.50 and having profiles representing deviations from tile

NACA 1-series profile were also tested toshow the effects of

such deviations. All three nose inlets, which are drawn to

scale in figure 7, differ from the NACA 1-series profile in

that the thickness of the forward part is greater than for

theNAOA 1-series profile.

Each nose inlet was provid_ed with a row of surface static-

pressure orifices, which extended along the top center line

from the inlet lip to a point 3_ inches to the rear of the de-

tachable nose. The pressure tul_ing passed from the model

through the tunnel test section along the support strut and

was £onnected to a photographically recorded multiple-tube

_manometer in the test chamber.

The nose inlets were mounted on a cylindrical afterbody

that was supported at the tunnel center line by a single

vertical streamline strut. This strut was attached to the

body at a station 2 strut chords behind the removable nose
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inlet in order to minimize interference effects. A drawing of

the model installation is shown in figure 8. The internal-fiow

system is also shown in figure 8. The duct section imme-

diately behind the parting line of the nose inlet and body was

contracted to the rake station, where a rake of total-pressure

and static-pressure tubes was located for the determination

of internal losses and air-flo_r quantity. The duct exit was

located at the tail of the body and was provided with a plug-

type control for varying the exit area. An electric-motor

drive for the exit control was included in order that the air-

flow quantity could be varied through a range during each

test. A flapped exit was used for several tests to obtain high

values of inlet-velocity ratio. The angle of attack of the

model was varied throlJgh fixed increments by means of an

internal indexing device.

_Q_eMZSV _sn VESTS

The Langley 8-foot high-speed tunnel, in which this inves-

tigation was conducted, is a closed-throat_ circular-section,

single-return tunnel. The turbulence of the air stream is

low but is somewhat higher than the turbulence of free air.

The complete range of NACA 1-series nose inlets sho_m ]n

table I[ was tested at .V/0=0.30 and 0.40 through an angle-

of-attack range from approximately 0 ° to 8 ° by 2 ° incre-

ments, Several of the nose inlets were tested through the

.Xfach number range up to approximately -hfo=0.7. The

inlet-velocity ratio was varied from about 0.2 to values

higher than 1.0 for the nose inlets having small values of

diD. For the nose inlets having large values of d/D, the

maximum value of inlet-velocity ratio was limited by the

capacity of the internal-flow system.
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RESULTS AND DISCUSSION

BASIC NOSE-INLET CHARACTERISTICS

Basic data.--The basic nose-inlet characteristics are pre-

sented as plots of pressure distribution and critical Much
number for each of the nose inlets. These data are grouped
according to inlet-diameter ratio. Figures 9 and 10 present
the pressure distributions over the nose inlets having

_=0.40, the 1-40-200 1-40-150 nose inlets,NACA and

through ranges of inlet-velocity ratio and model angle of
attack. These two parameters govern the pressure distribu-
tion for a given nose inlet. At zero angle of attack the
pressure distributions for the moderate-to-high values of
inlet-velocity ratio are essentially flat with very low values of
peak negative pressure coefficient. As the inlet-velocity
ratio is progressively decreased, a pressure peak appears near
the lip of the nose inlet because of the high local angle of
attack of the lip. The magnitude of the pressure peak
increases rapidly as the inlet-velocity ratio is further de-
creased. Progressively higher values of the inlet-velocity
ratio are required to eliminate the pressure peak as the model
angle of attack is increased. At higher values of inlet-
velocity ratio, a favorable pressure distribution can he
obtained through greater ranges of angle of attack.

The critical-speed characteristics for the NACA 1-40-200
and 1-40-150 nose inlets are presented in figure 11. The
critical Mach numbers were determined from the measured

pressure distributions by means of the Von Ktfrmtin relation
(reference 4). For a given angle of attack, little change
occurs in the value of the critical Much number for values

of inlet-velocity ratio in the medium-to-high range. The
sharp downward break in the critical Much number curve
occurs at a value of inlet-velocity ratio below which the
critical :VIach number is determined by a pressure peak near
the lip. Further decrease in inlet-velocity ratio produces a
rapid decrease in critical Mach number.

An important effect of an increase in angle of attack (fig. 11)
is to shift the "knee of the critical Much number curve to

progressively higher values of inlet-velocity ratio. A com-
parison of the critical-speed characteristics for two angles
of attack shows only small differences between the values of
the critical speed above the knees of the two curves; below
the "knees of the curves, however, marked differences are
noted.

Figures 12 to 27 present pressure distributions and critical
Mach number characteristics for the nose inlets having inlet-
diameter ratios of 0.50, 0.60, and 0.70. In general, the
effec_ts of changes in inlet-velocity ratio and angle of attack
are similar to those described for the NACA 1-40-200 and
1-40-150 nose inlets.

The effects of inlet proporfions.--The critical Mach num-
ber curves for the series of nose inlets tested have been

grouped for constant angles of attack, according to inlet-
dia!neter ratio and length ratio, to illustrate the effects of
these parameters on the critical Mach number character-

istics. Figure 28 shows the effects of length ratio on critical
Mach number. For a given inlet-diameter ratio, an increase
in maximum critical Mach number is shown to occur with

increases in length ratio. An increase in length ratio,
however, causes the knee of the critical Mach number curve
to occur at progressively higher values of inlet-velocity ratio
and thereby reduces the inlet-velocity-ratio range for maxi-
mum critical speed. A wider range for maximum critical
speed is therefore obtained for the lower values of length
ratio but with an important sacrifice in the value of maximum
critical Mach number.

Figure 29 shows the effect of inlet-diameter ratio on critical
Mach number characteristics. A decrease in the value of

inlet-diameter ratio for a given length ratio shifts the knee
of the critical Mach number curve to lower values of the

inlet-velocity ratio and thereby increases the extent of the
inlet-velocity-ratio range for maximum critical speed. The
effect of inlet-diameter ratio on maximum critical speed is

small at large values of length ratio. For extremely low
values of length ratio, a significant decrease in maximum
critical Nfach number occurs with decrease in the value of
inlet-diameter ratio. These data thus indicate that the

length ratio is the more important of these two parameters
in governing the maximum critical speed; the inlet-diameter
ratio is, in general, secondary. For a given length ratio,
however, the inlet-diameter ratio governs the position of the
knee of the critical Mach number curve.

In figure 28 envelope curves have been drawn tangent to
the knees of the critical Mach number curves. A summary
plot of the envelope curves alone is presented in figure 30

for or-----0°, 2 °, and 4 ° for each of the did groups. Inasmuch
as the knee of the critical Much number curve corresponds
to the point or conditions at which the nose-inlet pressure
distribution is approximately flat, the envelope curve has
important significance in that any point on the curve repre-
sents the optimum value of critical XIach number that can
be obtained for specified values of inlet-diameter ratio and

inlet-velocity ratio. Comparison of the envelopes for the
three angles of attack (fig. 30) shows that important de-
creases in critical Much number occur in operation at angles
of attack other than 0°.

It is apparent from figure 28 that only one value of length
ratio .X/D will give the optimum critical speed at a particular
value of inlet-diameter ratio and inlet-velocity ratio. This
point on the envelope curve corresponds to the knee in the
critical Mach number curve; therefore, this point represents
the minimum value of inlet-velocity ratio at which the
particular nose inlet will possess an essentially fiat pressure
distribution and a critical Mach number approaching its
maximum.

In flight the level high-speed condition will usually govern
the inlet design, for not only will the flight ._Iach number
be a maximum but also the inlet-velocity ratio will usually
be a minimum. The design of a nose inlet to satisfy given
critical Much number requirements must therefore be based
on the minimum inlet-velocity ratio.

_ 1
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SELECTION CHARTS

Basis and eomposition.--The envelope curves for the
NACA 1-series nose inlets tested (figs. 28 and 30) have

been arranged in the form of se|ection charts in figure 31,

from which nose-inlet proportions can be determined for a

specified critical Mach number and corresponding minimum

air-flow quantity. The inlet-velocity ratio, which cannot

be fixed for a given air quantity until the entrance diameter

is known, has been replaced by the mass-flow coefficient

m

poFVo' which is an independent design quantity. The mass-

flow coefficient is related to the inlet-velocity ratio by the

following equation:
1

\'irj +

Figure 32 is a ploC of inlet-velocity ratio against mass-f/ow
coefficient for various values of diD and Mo. The curves

for Mach numbers less than 0.50 have been omitted. The

curves for incompressible flow (M0=0) can be added to this

figure as straight lines between the origin and the points at

VI
which the curves converge at _----1.0. The inlet-velocity

ratios for the envelope curves from figure 30 have been con-

ver_ed _o mass-flow coe_cients at the corresponding value
of Mo, by means of figure 32.

The solid lines .in the lower half of the selection chart (fig.

31) are the envelope curves from figure 30. The interjacent

dashed curves represent the envelopes for intermediate

values of d/D and were obtained from cross plots of the ex-

perimental data. The envelope curves have been extended

beyond the limits of the data by only a small amount. Some

additional extrapolation may be judiciously performed on the

selection chart, if necessary, through reference to figure 28.

The dashed curves intersecting the main curves on the selec-

tion chart are lines of constant inlet-velocity ratio for corre-

m d/D, and M,, on this chart. The
sponding values of t_-_0'

solid curves on the upper half of the selection chart are plots

of the value of X/D required for an NACA 1-series nose inlet

having the maximum critical Mach number for a particular

value of inlet-diameter ratio and mass-flow coefficient.

905385--51----36
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THE DEVELOPMENT AND APPLICATION

Use of charts.--The selection charts have two principal

applications: (1) selection of nose-inlet proportions, for

use with the NACA 1-series ordinates, that will attain a spe-

cified design critical Mach number and satisfy specified air

requirements; (2) determination of critical Mach number
and minimum-flow conditions for an NACA 1-series nose

inlet of given proportions. In general, these two applica-

tions pertain to the high-speed and cruise conditions, re-

spectively. The selection of proportions of a nose inlet

will usually be governed by the high-speed condition. It

will then be desirable to check the selected proportions for

other flight conditions, such as the cruise condition, for which

the design angle of attack, mass-flow coefficient, and flight

Mach number will be somewhat different. The high-angle-

of-attack (low-speed) flight conditions are also of interest

from considerations of external and internal separation.

(These items are discussed in the section entitled "Detail

Considerations.")

The design data specifying the selection parameters are

the design speed and altitude, the corresponding air require-

ment, and the frontal area of the body to which the nose

inlet is being applied. The use of the charts is illustrated

by means of an example. The following design conditions

and quantities will be assumed for a typical jet-propulsion

installation:

Circular-fuselage cross-sectional area, F, sq ft .............. 20
Operating altitude, ft ...................................... 35, 0_0

Density at altitude, Po, slug/ca ft .......................... 0_{}_TJ6

Free-stream velocity,VQ,
fp$ ......................................

mph ....................................
Free-stream Mach number, Jv/o ...........
Angle of attack, a, deg .....................

Air required, lb/sec .......................
m

51ass-flowcoefficient,_FV_ ..............

High-speed Cruise
condition condition

o
50 45

O.130 0.143

Tile proportions for the nose inlet to meet the high-speed

conditions are found by entering the selection chart for

a=O ° (fig. 31 (a)) at the bottom with the value of mass-flow

coefficient-._ ..-(_,)_=0"130 and proceeding vertically

upward to the value of 2_I,,=0.83. At this point the value

of inlet-diameter ratio d/D can be read along with the value

of inlet-velocity ratio VJVo corresponding to the values of

°"d" for con ...n d/D,

vertically to the top section of the chart, the required value

of length ratio X/D can be read for the value of d/D obtained

previously. The proportions for the nose inlet that will

give a c-:'_cal Mach number equal to the high-speed-flight
Mach number are

Selection I

/'[7.,,

The corresponding value of (V'o)m,----0.35may,.- be read from

the selection chart.

OF HIGH-CRITICAL-SPEED NOSE INLETS 571

The nose inlet selected for the high-speed condition

(selection I) should now be checked to determine whether

it will satisfy the specified cruise requirements. This check

can be made by entering the top half of the selection chart

for a---2 ° (fig. 31 (b)) with _-= 1.16, proceeding across to

• d
the value D =0.526, and then moving vertically downward to

the same value of d/D on the lower half of the chart. At this

point the value of _ _,. and the corresponding value

of ._I_ can be read. By this procedure the following results

for the cruise condition ara,obtained:

._/_,= 0.815

m _ r.
(mFV0),,,, -0"1°9

In figure 33 (a) a scale drawing of this NACA 1-series

nose inlet (selection I) is presented for illustration along with

the critical Mach number curves estimated from figure 28

for a----0 ° and a=2 ° (the high-speed and cruise conditions,

respectively). Also noted on this figure are points repre-

senting the two specified'design requirements. The design

high-speed requirement falls on the knee of the curve for
a=0 ° because the selection charts are based on theknee.

The fact that the design cruise requirement falls below the
estimated critical Mach number curve for a----2 ° indicates

that the critical speed for the nose inlet selected exceeds the

cruise requirement. The cruise requirement point, how-

ever, represents a value of mass-flow coefficient below the

minimum value indicated by the knee of the curve. Opera-

tion of the selected nose inlet at the cruise condition will

therefore produce at the lip of the inlet a pressure peak,

which may be undesirable from the stamlpoint of drag.

It is evident that some margin may be desirable between

the design operating requirements and the nose-inlet selec-

t.ion conditions. An inspection of figure 33 (a) indicates that

m

a margin of _ of the order of 0.02 may be desirable to

eliminate the pressure peak in the cruise condition. The

design selection parameters for the high-speed condition

then become

(p_o)m,, =0.130-0-02=0.110

Mo,=0.83

From the selection chart for the high-speed condition (fig.

31 (a)), by the method outlined for selection I, the following
results are obtained:

d=0.50"

X

D= 1.20 *Selection II
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For the cruise condition for these values of X/D and d/D,
from figure 31 (b),

M_,=0.819

(_),,, =0.138

The estimated critical Math number curves and the points
corresponding to the design requirements are shown with a
scale drawing of this nose inlet in figure 33 (b). For the
cruise condition, the required value of the mass-flow eoefficien
is higher than the minimum value represented by the knee

m
of the curve. Introduction of this margin in _--FVo
involves a decrease in the value of the inlet-diameter ratio

and a corresponding increase in inlet-velocity ratio but only
a small change in the value of the length ratio.

In the design of some installations, a margin between the
design high-speed Maeh number and the critical Math
number of the nose inlet may be desirable in addition to the
margin in mass-flow coefficient illustrated by selection II.
With a margin of 0.02 assumed for ,_/,, and with the same
margin in mass-flow coefficient assumed as for selection II,
the design selection parameters become

=01,o
M_,=0.83+0.02=0.85

920---NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

From theselectionchartforthehigh-speedcondition(fig.31(a)),

the followingresultsare obtained:

d=0.47"

X---- 1.45 Selection III

(_),, =0.37

For the cruise condition (fig. 31 (b)), for these values of X/D
and d/D,

M,,=0.834

k,_-_v_).,. =0-128

The estimated critical Math number curves and the points
corresponding to the design requirements are shown with a
scale drawing of this nose inlet in figure 33 (e). For both
the cruise and the high-speed conditions a margin now exists
between the design values and the required operating values

of M,, and_-_0)., • Introduction of these marginsresults

in a nose inlet having a smaller inlet-diameter ratio and a
greater length ratio than those of the nose inlet selected for
the original design conditions (selection I). The decreased
inlet-diameter ratio involves a corresponding increase in

/-50120

0 Htgh-speec/ des_gf_ requirement

o H,_h-speed selectlbt_/_o_t for" mose Jr_/e_

0 Cruise desJcjn e-equ/_-ement

o Cruise check po_nf for selecfed nose t_/et

I0

9

Me,-. 8
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a}

.&

o/
o/ z/
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/o[

.9t
I
t

/C

0

I I !

08 /2 .16
m

poFVo

(b) Selection II.

I 1 .... 3) I t t

• 08 ./2 .}6 20 20 0 .04 .08 .12
!I$ D1

pofVo po,r_

(a) Selection I. (e) Selection IlL

---_ozl.-

[

.16

FLOUR= 33.--Comparison of three N'ACA 1-series nose inlets selected for one application. (See example In text.) Curves are estlmat_l.
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THE DEVELOPMENT AND APPLICATION

inlet-velocity ratio, which may be detrimental from the

standpoint of internal losses. In order to determine the

amount of design margin that may be used, therefore, the

characteristics of the internal-flow system must be considered.

Several important qualifications should be noted concern-

ing the application of the selection charts. The selection
charts for the NACA 1-series nose inlets are based on the

knee of the critical Mach number curve for a given nose

inlet. The application of these charts to the design of a
nose inlet for a given critical Mach number will therefore

result in a nose inlet having the minimum value of X/D and

the ma_mum value of d/D that can be used. The propor-

tions given by the selection charts represent limiting values

rather than optimum values; consequently, in installations for

which values of length and diameter ratios are not restricted,

the proportions can be varied from the limiting values in

the directions indicated in the example previously presented.

For an NACA 1-series nose inlet having arbitrary pro-

portions, the critical Mach number characteristics at

a----0 ° and 2 ° may be checked against the operating require-

ments by means of the selection charts in a manner similar

to that employed in checking the cruise condition for selec-

tion I of the example. For conditions to which the selec-

tion charts do not apply, reference can be made to figures 28

and 29 and to the figures presenting critical Mach number
data for the nose inlets tested for estimation of the character-

istics of the particular nose inlet involved.

Certain combinations of nose-inlet proportions within the

range of the series tested cannot be checked for critical
speed and operating conditions by means of the selection

chart of figure 31; for example, the NACA 1-50-050 nose

inlet, which was tested in the present investigation, cannot

be found by entering the upper part of the selection chart

with its proportions. Figure 15 shows that the character-

istic flat pressure distribution is not obtained with this nose

inlet at any value of inlet-velocity ratio. Examination of the

curves for the nose inlets of D=0.50 (fig. 28) shows that the

critical-speed curve for this nose inlet falls far below the en-

velope curve even if the envelope and critical-speed curves are

V_,__0
extrapolated to V0-- " For an inlet-diameter ratio of 0.50,

therefore, this nose inlet has a considerably shorter length

than that required to obtain the critical speed indicated by

V,_ 0
the envelope curve even at Vo-- " This nose inlet therefore

does not appear on the selection charts because, as the chart

shows, larger values of length ratio should be used for this
value of inlet-diameter ratio.

DESIGN APPLICATION

The NACA 1-series ordinates.--The _leetion charts pre-

sented are based on nose inlets designed from the NACA
1-series ordinates. These ordinates have been shown in

the section entitled "Design Analysis" to approach closely

the optimum from the standpoint of critical speed for

a wide range of nose-inlet proportions. Any departure from

the nondimensional NACA 1-series ordinates (table I)

may appreciably lower the value of the maximum critical
Mach number and alter the shape of the critical Mach

number curve. The results of tests of several nose inlets

OF HIGH-CRITICAL-SPEED NOSE INLETS 573

having profiles that differ from the NACA 1-series ordinates
are presented in the section entitled "Effects of variations

in basic profile."

The small degree of waviness evident in some of the

pressure distributions for several of the nose inlets is believed
to be due to very small deviations in profile. Because the
models were constructed of wood and were of relatively

small size (12-in. diameter), exact dimensional control of

the profile was difficult. It is believed, however, that,
inasmuch as these deviations are small, the effects on

maximum critical .Xiach number and the shape of the

critical Mach number curve will likewise be small. Nose

inlets based on the NACA 1-series ordinates should therefore

closely approach the optimum from the standpoint of

critical speed for the particular proportions selected.

It should be noted that the selection of an NACA 1-series

nose inlet of proportions that exactly satisfy given conditions

results in a pressure distribution approaching a flat shape.

Although optimum from the standpoint of critical speed,

such a pressure distribution is not the most desirable from

the standpoint of attaining laminar flow. The pressure

distributions at inlet-velocity ratios above the design value,

however, tend to approach the type of distribution charac-

teristic of those permitting laminar flow. The introduction

m
of margin in the design value of _-FV0' as shown in the

example, will therefore tend to provide a more favorable

pressure distribution from the standpoint of attaining
laminar flow.

Cowlings.--In order to compare the critical-speed charac-

teristics of the NACA 1-series nose inlets with the NACA

O cowling of reference 1, a model of the NACA C cowling

was tested on the model shown in figure 8. The pressure

distributions and critical Mach number characteristics are

presented in figures 34 and 35, respectively. The value of

criiical speed obtained for this cowling agrees closely with

the value determined in the tests of reference 1. The pro-

d xportions of this cowling are D=0.70 and =0.31; therefore,

this cowling is closely comparable in proportions to the

NACA 1-70-030 nose inlet. The critical-speed character-

istics of this nose inlet and the NACA C cowling are compared

in figure 36. The critical Mach number of the NACA C

cowling is shown to be between 0.005 and 0.01 higher than

that for the NACA 1-70-030 nose inlet. Approximately

one-half this difference can be shown (by cross plots of the

experimental data) to be due to the slightly greater length

ratio of the NACA C cowling (X=0.31); the remainder

must be ascribed to the slight difference between the basic

nondimensional ordinates for the NACA C cowling and the

NACA 1-series ordinates. (See fig. 3.) The fact that the

remaining difference is small indicates that the NACA C

cowling ordinates and 1-series ordinates will yield nose

inlets of approximately equal critical speed. An inspection

of the pressure distributions, however, indicates that, for

nose inlets of proportions similar to those of short cowlings,

an increase in thickness near the lip, such as is provided by

the NACA C cowling ordinates, may be beneficial.
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The critical Mach number curves for the NACA 1-70-050

and 1-60-050 nose inlets have been added to figure 36 to

show the effects of small variations in proportions for short-

cowling-type nose inlets and to illustrate the changes in

proportions that must be made in order to obtain cowlings

having critical Mach numbers above that of the NACA C

cowling. These data show that the simultaneous increase

in the length ratio and decrease in inlet-diameter ratio by

appropriate increments will yield cowlings of higher critical

speed than the NACA C cowling for comparable inlet-

velocity-ratio and angle-of-attack ranges. Selection of nose-

inlet proportions in this range may be made by means of the

selection charts previously presented (fig. 31).

Effect of propeller spinners.--The effect of a propeller

spinner on the critical Mach number of a cowling and on the

internal flow must he considered in the design of a cowling

for a tractor propeller installation. Several cowling shapes

have been developed by the NACX for use with large

spinners (references 5 and 6). The data from tests of these

cowlings ha,_'e been analyzed in relation to data in the

present report.

Shown in figure 37 arc the NACA De cowling (cowl 2 of

reference 5) and the NACA D, cowling (reference 6), which

were developed for use with the spinners shown. For com-

parison of profiles, NACA 1-series cowlings of similar pro-

portions have been superimposed. The profiles of both the

De and D, cowlings fall somewhat under the NACA 1-series

profile near the lip, but good agreement with the NACA

1-series profiles is evident. Inasmuch as the profiles are

generally comparable, the characteristics of the cowlings de-

veloped for use with spinners may be compared with the

characteristics of the NACA 1-series open-nose cowlings to

establish qualitatively the effects of the propeller spinners.

Pressure distributions over the NACA D, and D, cowlings

from data in references 5 and 6 are presented in figure 38.

The pressure distributions for both cowlings do not possess

the flat contour that is characteristic of the pressure distribu-

tions for the NACA 1-series nose inlets. Inasmuch as no

high pressure peaks exist, however, small modifications to

the cowling contours would probably suffice to obtain essen-

tially fiat pressure distributions.
The critical Mach numbers of the NACA De and D, cowl-

ings at a----O ° are shown in figure 39 for several values of inlet-

velocity ratio. Also shown in this figure are the estimated

critical Mach number curves for the corresponding NACA

l-series cowlings (without spinners) taken from figure 31 for

the proportions shown in figure 37. The max'imum critical

Mach numbers of the NACA D, and De cowlings are in good

agreement with th})se of the corresponding NACA 1-series

open-nose cowlings. The effect of a spinner on the maximum

critical speed of a cowling is evidently small.

Figure 39 (b) shows also values of critical Mach number

from unpublished tests of a full-scale NACA D, cowling in-

stallation with spinner in place and with spinner removed.

These data show that the cowling without spinner is operat-

ing at an inlet-velocity ratio well below the knee of the critical

Mach number curve and consequently possesses a high pres-

sure peak at the lip and a corresponding low critical speed.
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NAC,4 /-66- 064 ...._--
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_/____/ ,
FIGt'lgg 37.--NACA cowlings developed for use with large spinners. NACA 1-series cowlings of similar proI_ortlons superimposed for comparison of proflhs,
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The principal effect of the spinner in the case of the NACA

D, and D, cowlings is therefore to raise the inlet-velocity ratio

for the design air-flow quantity; this increase permits the

cawling to operate in the range of inlet-velocity ratio for maxi-

mum critical speed.

The effect of a spinner on the inlet-velocity ratio at which
the knee of the critical Mach number curve occurs is not

accurately predictable from existing data. The data tend to

indicate, however, that the knee will occur at a value of inlet-

velocity ratio equal to or slightly less than the value for the

open-nose condition. The addition of a spinner to a cowling

thus permits (but does not necessarily require) an increase in

did as a consequence of the increased inlet-velocity ratio.

This fact may be of advantage in selecting a high-critical-

speed cowling of minimum frontal area (discussed in section

entitled "Sample cowling designs").

In the design of a cowling with a spinner, consideration

must be given to the fact that a minimum value of inlet-

velocity ratio exists below which unstable flow at the cowling

entrance occurs. Values of the minimum inlet-velocity ratio

for stable entrance flow and high cooling-pressure recovery

have been determined from tests of specific installations.
The data of references 6 and 7 indicate a value of minimum

inlet-velocity ratio of the order of 0.4 for a cowling with

spinner but no propeller; reference 6 and the results of unpub-

lished flight tests indicate a value of the order of 0.35 for a

cowling with spinner and rotating propeller. The use of

suitable propeller cuffs has been found to improve entrance-

flow stability at low values of inlet-velocity ratio and has

been shown to permit satisfactory operation at inlet-velocity

ratios as low as 0.30. A general investigation, however, is

necessary to provide definite values of minimum inlet-

velocity ratio for various cowling-spinner configurations.

It will usually be desirable to design a cowling for the

lowest value of inlet-velocity ratio consistent with stable

entrance flow because of the increase in diffuser losses that

occurs with increase in inlet-velocity ratio. An optimum

value of inlet-velocity ratio or spinner size therefore exists

for a given cowling installation. This fact is illustrated in

reference 7, which presents the results of investigations in

which spinners of several sizes were tested in conjunction

with NACA cowlings through limited ranges of air-flow

quantity. This reference shows that, from the standpoint

of internal total-pressure recovery, an optimum spinner size

exists for a given cowling. Use of a spinner smaller or larger

than the optimum was shown to result in increased total-

pressure losses.

In summary, the 'foregoing analysis indicates that no

important changes in maximum critical speeds of cowlings

selected from the design charts presented herein will occur

when a propeller spinner is added. In addition, the avail-

able data tend to indicate that the knee of the critical Mach

number curve will occur at approximately the same value

of inlet-velocity ratio for a cowling with or without a spinner;

further investigation is required, however, to establish

definitely the location of the knee of the curve. The inlet-

diameter ratio did of a cowling may therefore be increased

above the open-nose design value, if desired, in order to

take advantage of the increase in inlet-velocity ratio pro-

duced by the addition of the spinner. With a spinner, hoxi-

ever, a minimum value of inlet-velocity ratio e.xists for stable

entrance conditions. The spinner diameter should therefore

be adjusted to keep the operating value of inlet-velocity

ratio slightly above this minimum value. (The selection of a

cowling-spinner combination is illustrated in the sample

cowling designs that follow.)

Sample cowling designs.--The application of the NACA

1-series ordinates to high-critical-speed cowlings for two

typical radial engines is illustrated in the following examples.

For these examples, the cowlings are designed to provide

only cylinder cooling air. The fuselage diameter is assumed

to be sufficiently large to assure internal clearance between

engine and cowling. In order to obtain a specified value of

clearance between engine and cowling, a trial-and-error pro-

cedure for determining the value of fuselage diameter is

required. The assumed design conditions and the propor-

tions of the cowlings selected from figure 31 are presented

in the following table:

Maximum diameter of fuselage or nacelle, D, ft .............. 5. 0

Operating altitude, ft.................................... 35, 000

Free-stream density at altitude, p0, slug/cu ft ............. 0. 000736

Design maximum velocity, V0,

fps ................................................... 733

mph .................................................. 500

Design critical Mach number, Me,, corresponding to V0 above__ 0. 76

Cowling angle of attack, deg ............................... 0

i Two-row ! Four-rowradial ! radial
• engine engiue

0,54 i 1.22

0.06 ! 0,115

i
o._ I o.61
0,75 0.73

0.15 0.24

C)ltnder cooling mass flow, m, slugs/see ........................... i

Mass-flow coefficient
' mFVo ....................................... J

From figure 31 (a), for the above values of critical Maeh number t
and mass-flow coefficient: I

did ..........................................................
X/D ........................................................ [
Cvd Vo)., ...................................................

J

The cowling profiles were computed from table I and are

drawn to scale in figure 40 along with the corresponding

engine installations. In the preceding section it was pointed

out that the inlet-velocity ratio shouht not fall below approx-

imately 0.3 when a spinner is used with a cuffed propeller.

With the assumption of a cuffed propeller, the spinner sizes

for the two cowlings have been selected to raise the inlet-

velocity ratios to 0.3. The resulting spinner diameters are

23 inches and 16 inches for the cowlings shown in figures 40 (_)

and 40 (b), respectively.

These two examples show that cowlings designed for

critical Mach numbers above that of the NACA C cowling

are characterized by a smaller inlet-diameter ratio and a
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/
f

NACA 1-55-G 75- cowling

(a)

-S
,," .___t NACA 1-81-073 cowh'ng

(b)
I

(a) Two-row radial engine.

(b) Four-cow radial engine.

FIC, URE 40.--Examples of NACA loseries cowtlngs designed to provide only cylinder cooling

air for two typical radial engines. Internal cowling shape omitted: design critical Mach

number, 0,76.

greater length ratio. The length of the propeller shaft on

these engines necessitates the location of the engine ahead

of the maximum-diameter station of these high-critical-

speed cowlings. The maximum diameters of these cowlings

are therefore greater than the minimum diameter that might
otherwise be used. The increases in frontal area above the

minimum area (for the same internal clearance between

engine and cowling) for the cowlings in figures 40 (a) and

40 (b), are approximately 26 and 20 percent, respectively.

Such an increase in frontal area may not be significant in

the case of installations for which the fuselage or nacelle

diameter is governed by factors other than the engine

diameter but will present an important ircrease in frontal

area and drag in installations for which the minimum

fuselage or nacelle diameter is governed only by the engine

diameter. This excess frontal area may be reduced by use

of an extended propeller shaft or a hollow spinner such as

that used in the NACA high-speed cowling (reference 8),
which was derived from the B nose ordinates.

The cowling proportions given by the design charts (for

use with the NACA 1-series ordinates) represent the mini-

mum length ratio and the maximum inlet-diameter ratio for

given requirements. The addi'ion of the spinners, however,

has increased the inlet-velocity ratios of the sample cowlings;

this increase makes possible (but not mandatory) an increase

in the inlet-diameter ratio. This change is of particular

interest as an additional method of reducing the excess

frontal area because, as the value of d/D is increased, the

maximum diameter of the cowling can be decreased. Inas-

much as the inlet-velocity ratio for the cowling with spinner

has been raised above the value for the cowling without

spinner, a fictitious value of mass-flow coefficient higher

than the design value can in effect be assumed and the

cowling proportions can be determined from the selection

charts on the basis of this value. The spinner frontal area

must then be chosen to make the inlet-velocity ratio the

desired value without actually increasing the mass-flow

coefficient above the original design value.

The proportions of an NACA 1-series cowling designed

for operation with a spinner at an inlet-velocity ratio of 0.3

will now be selected for the four-row engine for which the

requirements were previously presented. The selection may

be made by entering the design chart (fig. 31 (a)) at the left

side with the value of Mcr=0.76 and proceeding horizontally

the chart to the line for _v-_----0.30. At this pointacross
• v0

the value of d/D can be read; then, by moving vertically up-

ward to the top section of the chart, the value of X/D can

be read at the value of d/D previously obtained. The re-

sults thus determined are

",_. _=0.64

X=0.73

(_-_V0),,t :0.159

The area occupied by the spinner must be sufficient to make

the inlet-velocity ratio 0.30 at the original specified value of

mass-flow coefficient, 0.115. The spinner diameter is then

20 inches. The excess frontal area of this cowling over the min-

imum area that could be used (for the same engine clearance)

is approximately 18 percent, slightly less than the excess

frontal area of the cowling shown in figure 40 (b).

In some cases, further decreases in excess frontal area may

be desired; in others, a spinner larger than that given by the

procedure outlined may be required from considerations of

propeller hub size as, for example, for cowlings designed for

use with gas turbines of small diameter. In such cases the

inlet-velocity ratio can be further increased in order to make

possible a further increase in inlet-diameter ratio and spinner

size. The increased inlet-velocity ratio will, however, tend

to increase losses in the diffuser.
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It is to be emphasized that the procedure presented for

designing NACA 1-series cowlings for use with propeller

spinners is based on the analysis of the results of limited

investigations. Future general investigations of cowling-

spinner combinations may therefore lead to some refinements

of this procedure; in addition, some small modifications to

the NACA 1-series ordinates may be found necessary for

use with spinners. In general, however, the procedure out-

lined is believed to be satisfactory, particularly for installa-

tions including the use of a spinner of conservative size.
Air scoopa.--The application of the NACA 1-series profile

to air scoops has been demonstrated in the tests of reference

9. In this investigation a large scoop was designed as a semi-
circular body of revolution and located near the longitudinal

midposition on the lower surface of a fighter-type fuselage.

Provision for removing the fuselage boundary layer was in-
cluded. The critical Mach number curves for three radial

planes of the scoop (taken from fig. 20 (b) of reference 9) are

shown in figure 41. The estimated critical Mach number curve
for a nose inlet of inlet-diameter ratio and length ratio equal

to those of the scoop has been obtained by means of figures

28 (a) and 32 (a) and added to figure 41 for comparison.
Marked similarity between shapes of the estimated curve

and the curves measured for the bottom and 60 ° planes of

the scoop is noted. The knees of the curves occur at approxi-
mately the same value of inlet-velocity ratio. The critical

Mach number curves for the scoop are lower than the curves

"for the corresponding nose inlet throughout the inlet-velocity-

ratio range because of the effect of the flow field of the wing

and fuselage on which the scoop was located. It is thus indi-

cated that the proportions for high-critical-speed air scoops

may be obtained from the selection chart (fig. 31), with allow-
ance for an estimated loss in critical speed due to interference

/.o

[--__

..9

Esf/mofedcurve for"NACA
- /-G2.5"-//0 nose _/et.. ' '

.8 //'" -IL__,

/ -[-J___ L.. Scoop _o_e
/ _ ;--T_ -_- ""Juncfure

_.J_" " --: =-60 °Y . o.oo .
.5 J-J_-i..... 1 I t

o .2 .,¢ .6 .8 LO
_l Vo

Floulg 41.--Comparison of critical speeds for air s_op (from fig. 20(b) of reference 9) and

corre_ponding nose inlet, both designed from _ACA l-series ordinates. =-0 °.

effects. Additional tests of such air scoops are needed to

provide more detailed design information concerning the

application of the NACA 1-series profile to high-critical-

speed air scoops.

Wing inlets.--An analysis presented in reference 10 shows

that pressure distributions over two-dimensional and three-

dimensional bodies of identical thickness distribution will

generally have similar shapes. Reference 10 shows, for

example, that in incompressible flow with motion parallel to

the major axis the velocity distribution about a prolate

spheroid is equal to a constant times the velocity distribution

about the corresponding elliptical cylinder. This constant

is a function of only the thickness ratio. For shapes other

than elliptical, the corresponding velocity ratios for two-

and three-dimensional bodies do not remain a constant;

however, for shapes developed for high critical speeds, the

ratio of velocities may be considered to approach a constant

as a first approximation. Inasmuch as the velocity distri-
butions for similar two- and three-dimensional bodies are

related, some similarity between profiles developed for opti-

mum critical speed for two-dimensional wing inlets and

three-dimensional nose inlets might be expected.

The profile of a symmetrical two-dimensional wing inlet

(shape 9) is presented in reference 11. High-speed tests

of this shape (reference 12) show, for medium values of

inlet-velocity ratio, a pressure distribution approaching that

of the three-dimensional NACA 1-series nose inlets. Figure 3

presents the nondimensional profile of shape 9 wing inlet

for comparison with the NACA 1-series profile. Close

agreement is noted. The nondimensional profiles for two-

dimensional and three-dimensional air inlets developed to

approach the optimum from the standpoint of critical speed

are thus shown to be essentially similar. The NACA 1-series

ordinates thus may have application to the experimental

development of high-critical-speed two-dimensional wing
inlets.

It is of interest to compare the relation between the

measured critical speed of the shape 9 wing inlet and the

critical speed estimated for a three-dimensional nose inlet

from the present paper with the factors for converting from
three-dimensional to two-dimensional flows derived from

reference I0. The comparison shows that the measured

critical speed of the wing inlet is appreciably lower than

that which would be predicted by the use of data from the

present paper and from reference 10. Mthough general

agreement was previously noted as to the shape of the corres-

ponding pressure distributions for similar two-dimensions;

and three-dimensional profiles, numerical agreement as to

the magnitude of the peak pressures should not necessarily

be expected inasmuch as the results of reference 10 apply

only to solid bodies of elliptical profile with no consideration

for admitting air at the leading edge.

Gun hoods.--Low-drag hoods for gun openings have be_n

developed in reference 13 from the nose A ordinates presented

in reference 2. The design of these gun-opening hoods or of

gun-barrel fairings from which the gun barrel does not pro-

trude can be determined by the nose-inlet selection charts
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(fig. 31). For such applications the envelope curves of

figure 31 may have to be extrapolated to low values of mass-

flow ratio. The proportions of the inlet section of the hood

can be selected from this figure in the usual manner; however,

the design critical Mach number should include considera-

tion of the induced-velocity field existing at the point of

application.
DETAIL CONSIDERATIONS

Comparison of critical speeds obtained by experiment and

by extrapolation.--The NACA 1-50-150 and 1-70-050 nose
inlets, which are representative of a long nose inlet and a

short cowling-type nose inlet, respectively, were tested

through the Mach number range to approximately ._r0=0.7

in order to compare the experimental variation in peak nega-

tive pressure coefficient with the theoretical variation (the

Von K_rmtin relation, reference 4) assumed in the present

paper for the determination of critical speeds. Figures 42 (a)

and 43 (a) show the variation of measured peak negative

pressure coefficient with Mach number for the NACA
1-50-150 and 1-70-050 nose inlets at constant values of

inlet-velocity ratio. The lowest values of peak negative

pressure coefficient follow approximately the theoretical

increase with Mach number; however, the high values of

peak negative pressure coefficient do not follow the theoret-

ical variation. (See figs. 13 and 25 for the pressure distri-

butions over these nose inlets.) This effect has been observed

in previous investigations in which sharp pressure peaks

occurred over relatively sharp inlet lips (reference 12).

The failure of the variation of peak negative pressure

coefficient to follow the theoretical variation may be due in

part to the fact that, in compressible flows, the inlet-velocity

ratio may not be the basic parameter which accurately defines

the local flow angle at the inlet lip. Another parameter, the

• m

mass-flow coefficient p-_V0' reduces to Ao/F, the ratio of the

area of the stream tube for mass flow m at free-stream con-

ditions to the frontal area F. This parameter therefore

expresses the amount that the stream tube must expand in

approaching the inlet and thereby tends to govern the local

angle of flow at the lip. Figures 42 (b) and 43 (b) present

the variation of peak negative pressure coefficient with Mach
number for constant values of the mass-flow coefficient.

For low values of the peak negative pressure coefficient, little

difference exists between the theoretical and experimental

variations with Mach number for constant values of V_/Vo or

m
of _- For higher values of peak pressure, the experi-

mental variation with Mach number for both parameters

differs considerably from the theoretical variation; however,
the variation for a constant value of the mass-flow coeffi-

cient more closely approaches the theoretical variation.

Comparisons of the critical Mach number characteristics

obtained from high-speed data (figs. 42 and 43) and from

extrapolation of data obtained at M0=0.40 and _/0----0.30

(figs. 16 (b) and 27 (c)) are presented in figures 44 and 45.

&t high values of inlet-velocity ratio, the measured critical

Mach numbers for both nose inlets are equal to or slightly

greater than the critical Mach numbers estimated from the

tests at M0=0.40 and _1_/0=0.30. For both nose inlets the

knees of the experimental critical Mach number curves

occur at lower values of inlet-velocity ratio than those of

the curves obtained by extrapolation. Below the knees of

the curves, therefore, the measured critical speeds are appre-

ciably higher than the values obtained by extrapolation from

M0----0.40 and ._/o---0.30. The critical-speed data presented

for the series of nose inlets tested are therefore indicated to

be conservative by a small amount in the inlet-velocity-

ratio range recommended for operation and by a larger

amount for inlet-velocity ratios below the recommended

range.
External separation.--The pressure distributions presented

for the nose inlets tested have shown external-flow

separation to occur over certain of the nose inlets at low

inlet-velocity ratios and high angles of attack. The pressure

distributions over the nose inlets tested having values of d/D

of 0.40 and 0.50 (figs. 9, 10, and 12 to 15) show no discernible

separation through the test ranges. Certain of the nose in-

lets having values of d/D of 0.60 and 0.70 (figs. 17 to 21 and

23 to 26), however, show severe external separation or stall

at the inlet lip; for example, the pressure distributions for

the NACA 1-70-150 nose inlet (fig. 23) clearly indicate

separated flow at low values of inlet-velocity ratio. Figure
46 shows the critical Mach number characteristics for the

NACA 1-70-150 nose inlet (taken from fig. 27 (a)), to which

the curve of .Ttlc_ has been extended into the separated range.

The values of critical Mach number in this range of inlet-

velocity ratio do not have their usual significance, because

the flow has separated and the drag will have reached

excessive values even at low speeds.

The inlet-velocity ratio below which separation occurs has

been obtained from figures similar to figure 46 for the various

nose inlets tested and the results are plotted in figure 47.

Also shown in figure 47 is a dashed curve indicating the value

of VI/Vo at the knee of the critical Mach number curves

(a----0 °) for the various values of X/D and d/D. A nose

inlet derived from the selection chart (fig. 31) will operate

at inlet-velocity ratios equal to or greater than the value

given by the dashed curve in figure 47 for two reasons:

(1) the selection charts are based on the knee of the critical

Mach number curve; (2) for most cases, the nose inlet will

be selected on the basis of high-speed conditions at which

the inlet-velocity ratio is a minimum. The curve of design

minimum inlet-velocity ratio falls above the separation

curves for all but the very low values of X/D. Figure 47

indicates, therefore, that external separation will not occur,

in general, for NACA 1-series nose inlo*s desig'ned from the

selection charts in the present paper with the possible excep-

tion of nose inlets having very low values of X/D or operat-

ing at very high angles of at,tack. By means of figure 47

the approximate inlet-velocity ratio below which separation

can be expected can be estimated for a_, NACA 1-seri_ nos_

inlet of proportions in the ranges shu_m
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The phenomenon shown in figure 46 is of general interest

with regard to investigations of specific air-inlet installations

in which the critical speed of an inlet may be determined

for only one value of inlet-velocity ratio. The measured

(or estimated) critical speed may be deceptively high if the

flow is separated, and incorrect conclusions concerning the

efficacy of the inlet may result. Drag measurements and

tuft surveys may be useful in verifying the results of an

investigation of critical Mach number. In addition, com-

parison of critical Much number values for several inlet-

velocity ratios will generally serve to define the flow condi-

tions. The critical Much number will normally increase or

remain constant with increasing inlet-velocity ratio; a de-

crease in critical Much number with increasing V,/V0 (fig. 46)

generally indicates flow separation.

Internal losses.--Internal total-pressure losses for the nose

inlets tested were measured at the rake station (fig. 8)

through the ranges of inlet-velocity ratio and angle of attack.
Inasmuch as the diameter at the end of the nose-inlet duct

and the over-all length of the nose plus skirt was held con-

stant for all tests, a corresponding value of diffuser angle 0

existed for each value of inlet-diameter ratio. For nose

inlets with d/D values of 0.40, 0.50, and 0.60, the values of

diffuser angle were 7.6 °, 3.8 °, _nd 0 °, respectively.

A typical total-pressure-loss profile at the rake station is

shown in figure 48. The total-pressure loss has been computed

/,5 2.0

The total-

Florae 47.--Inlet-velocity ratio below which external separation occurs. ._Io=O.30 and 0.40.

as a fraction of inlet dynamic pressure q,.

pressure losses obtained for the NACA 1-40-150, 1-50-150,

and 1-60-150 nose inlets from integration of figures similar

to figure 48 are shown in figures 49 (a), (b), and (c), respec-

tively. A comparison of the magnitude of the pressure losses

shows the effect of an increase in inlet-velocity ratio for

constant diffuser angles.
Figure 50 shows the variation of total-pressure loss with

diffuser angle _ for given values of inlet-velocity ratio and

angle of attack. The adverse effect of large diffuser angles

is illustrated. Figure 51 shows the variation of total-pressure

loss with angle of attack for two values of inlet-velocity

ratio. This figure illustrates the increase of total-pressure

loss that occurs at high angles of attack for the large values

of diffuser angle.

The integrated total-pressure losses for the NACA 1-50-150,

1-50-100, and 1-50-050 nose inlets at two angles of

attack are presented in figure 52. Inasmuch as the value

of X/D is a measure of the radius of curvature of the nose-

inlet profile for a given value of d/D, comparison of the

internal total-pressure losses for these nose inlets indicates

the effect of external curvature. The large external radius

of curvature combined with the relatively small internal

radiu_ is shown by the data for the NACA 1-50-050 nose

inlet to lead to internal separation at high values of inlet-

velocity ratio and angle of attack.

1_ i| i
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inlets of _--1,5. Mg -0.40.
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Figure 53 shows the effects of ._[ach number on integrated
total-pressure loss for the NACA 1-50--150 nose inlet. A

slight decrease in internal losses generally occurs with in-

crease in -_Iach number within the range of tests for this

diffuser. It should be noted that the maximum entrance

Maeh number is about 0.56.

Nose-inlet lip radius.--The internal lip radius for the

NACA 1-series nose inlets tested was maintained at 0.025Y,

the value used in the development tests of references 1

4

I
NOse ;nlet

NACA 1-50-150
_ IrA CA 1-50-100

.... N,4CA 1-50-050

r .e

J.,

"': N*g)
r 7.8

.6 .8 /.0

V,l_

FIG_'_I¢ 52,--Variation of internM total-pressure toss with inlet-velocity ratio for nose

iu]ets of -_-rl.5. M0=0.40:e-3.8 °.
_LB

/.2

_mq_

_ _t'om
0.3

.4

.5

- ,6--
.8

Flnvaz 53.--Mach number effects on total-pressure loss for $=3.8 °. :':ACA 1-50-150 nose
inlet; a----0.10.

and 2. From considerations of external-pressure distributions,

this nose radius appears to be satisfactory for the nose

inlets having low values of diD. For the NACA 1-70-030

nose inlet, however, the pressure distributions (fig. 26) show

that a sharp local pressure peak occurs at the lip at low

values of inlet-velocity ratio. The NACA C cowling (fig. 34)

:TT_1:
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also shows a similar effect. Because the lip radius was

very small for these nose inlets having large values of d/D,

an increase in lip radius was presumed to be desirable. The

NACA C cowling was therefore tested with the lip radius

increased to approximately twice the original value; the
NACA 1-70-030 nose inlet was tested with a similar increase

in lip radius and with an added internal fairing (fig. 6).

The value of d/D for these nose inlets was decreased from

0.70 to 0.69 by these modifications.

Figures 54 and 55 present pressure distributions for the

two nose inlets with increased lip radii. Comparison of

these figures with figures 26 and 34 shows that the sharp

local-pressure peak measured at the lip at low values of

inlet-velocity ratio has been removed. The knees of the

critical-speed curves (figs. 56 and 57) are consequently

shifted to lower values of V,/Vo, with the result that the

critical speeds of these nose inlets are increased in this

range. The internal losses measured for the original and

modified lip radii were insignificant throughout the test

ranges of inlet-velocity ratio and angle of attack. A lip

radius somewhat in excess of 0.025Y therefore seems to be

desirable for nose inlets of large values of diD. References

11 and 12 and other investigations indicate, however, that

inordinate increases in lip radius can adversely affect the

external-pressure distribution.

Effects of variations in basic profile.--Three nose inlets

having _=0.60 and D=l.50 and having profiles that differ

from the NACA 1-series profile were tested to show the

effect of such differences (fig. 7). The first of these three

profiles was derived directly from an ellipse. The second
and third profiles were obtained by proportional distortion

of the NACA 1-series profile according to the arbitrary

equation

y' y / l+K'_

where

y'/Y nondimensional ordinate of modified profile

y/Y nondimensional ordinate of basic profile (NACA 1-series)

K arbitrary factor

The two nose inlets tested are designated by the particular

value of the K-factor used in their derivation.

Pressure distributions over the three nose inlets at or=0 °

are presented in figure 58 along with the pressure distribution
for the NACA 1-60-150 nose inlet. The characteristic

fiat pressure distribution of the NACA 1-60-150 nose inlet

at high values of inlet-velocity ratio is not found for the

modified nose inlets. Instead, a pressure peak over the

OF HIGH-CRITICAL-SPEED NOSE INLE2"5 587

forward portion of the nose occurs at all values of inlet-

velocity ratio; the height of the peak is greatest for the nose

inlet having the greatest thickness near the lip.

Figure 59 shows the critical Mach number characteristics

for the modified nose inlets. An inlet-velocity-ratio range

for constant critical speed, which is characteristic of the

NACA 1-series nose inlet, does not exist for the modified

nose inlets. The critical speed decreases with decrease in

inlet-velocity ratio through the entire range. The critical

Mach number curves are compared (at a----0 °) with those for

the NACA 1-60-150, 1-60-100, and 1-60-075 nose inlets

in figure 60. The comparison shows that the rate of decrease
of critical Mach number for the modified noses is lower than

the rate of decrease which occurs below the knee of the curves

for the NACA 1-series nose inlets. The critical speeds for

the modified nose inlets, however, are lower than those of the

NACA 1-series nose inlets of comparable maximum critical

speed, except at very low values of inlet-velocity ratio

beyond the range wherein the comparable NACA 1-series

nose inlets are designed to operate.

These tests show that deviations from the NACA 1-series

profile that cause appreciable departure from the characteris-

tic flat pressure distribution can cause important reductions

in critical speeds. The NACA I-series ordinates, which

have been shown to approach closely the optimum from the

standpoint of critical speed, should be accurately applied

in order to realize the optimum characteristics.
Effect of variations in fineness ratio.--In order to inves-

tigate the effect of varying the fineness ratio of the test body,
the NACA 1-60-100 and 1-60-050 nose inlets were tested

with and without cylindrical skirts. (The test body, how-

ever, as shown in fig. 8, stiff retained a cylindrical length of

2 diameters.) The fineness ratio of the body was decreased

by 9 and 18 percent for the NACA 1-60-100 and 1-60-050

nose inlets, respectively. The effect of these changes on

critical-speed characteristics was found to be negligible.

Comparison of the critical speed of the NACA C cowling as

measured on the test body of the present report and on a

nacelle in reference 1 substantiates this finding. The over-

all fineness ratios of the test body and nacelle were 5.5 and

2.4, respectively. The critical speeds measured for the

NACA C cowling agree closely with the critical speeds

measured in the tests of reference 1. The critical speed of

the nose inlet therefore appears to be essentially independent,

of the over-all fineness ratio of the body. It should be noted,

however, that this conclusion is based on tests of nose inlets

which employed an appreciable length of cylindrical after-

body; other types of afterbody may appreciably affect the

critical-speed characteristics.



588

-/.E

-.8

P

-.4

-/2

-°_

P

-.4

0

REPORT NO. 920----NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

o .20

o .30

o .41
.49

v .56

il
0 .4 .8

z/X

%

(a}

/.g

-/.2

p-.8-.4

(
G

.= 0/3
o .ZO
o .30
o .42
" .49

.56

.4 .8
.r/x

.4 .,9
x/X

(cl

/.2

-/.2

-.8

P

-.4

L

J
0

_o

_ooj,
o .31
o .42
A .50
_' .56

, 1

I1
.4 .8

\
%

(dl

/.2

FICUItl M.--Pree_ure dis_ibutions over the NACA 1-70-0_ nose inlet with incTeased lip radius. Mm--0.40.

/
/

#



THE DEVELOPMENT AND APPLICATION OF HIGH-CRITICAL-SPEED NOSE INLETS

-/.2

".8

P

"_4

-/.2 _

-8

P

-.4

0

.4 .8

z/X

I

W,lVo
_<0./3_
o 22
u ,3_

N

1

/.2

-/.2'

-.8

P

-.4

-/,Z

-.8 F

P

•2o .4

(a) a--O.l °.
(c) a-3.8 °.

I

g/Vo
< 0.13
o ,21
u .34 -
0 . 44
a ,52
v .56

.8 /._
xlX

(e)

(b) a--l.8 °.

(d) a-&8 °.

(e) a-7.8 °.

FmuRI _.--Pressure distributions over the NACA C cowling wRh Increased lip radius. 34o-0._.

589



59O REPORT NO. 920---NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LO

.3

.2

.B

4,

• 7 .....

.4 /.0
vdvo

Fie.ln_z 56.--Criti(ml Maeh numbers for the ._ACA 1-70-_0 nose Inlet with modified lip

radius.

IC

.8--

M_

.6

_t

(dee)

f<

!
• !
i i

I

..... Q�

_-.------_,.-"'1.8
,..--... _ - :38

_-_ "5.8--Z..9

Ii r
.5

0 .2 .4 .G .8 t.0

. _:I_t va
FIr.URI 57.--Critical Mach numbers for-the .%_ACA C e_wling with modifle_l l[_ radius.

-/.2

-.3

P

°.,_

0

I Jl
o .25 o .25
o .38 -

.48 [ .35 -o o .50 --

.60 ,_ -.8 4 .59

_4 P :: =" 79

...... .4

.__ .4 .6 .8 1.0 Z2 .4 . .8. . Z2
_/X _/X

-.5

P

1-4

I. l

JI
.2

I I
v,iv_

I 40./4

.2/I .34t

.... _ ,55
_ .SG

I "7° ]

22
[,

'1v,tvo
<l O.I.l
o .21

I v .34

o .44
.57 i
.G6
. 70

.4 .S .8 1.0 /.2 0 .2 .4 .5 .8
.IX _/x

(a) N_ACA 1-60-150 nose inlet; ,_fo=0.30. (b) Elllp{ical; D,fo-0.30.

(e) /C-0.5; .'v/0-0.40. (d) /(-1.5; M_ffi0.40.

Flf:.t'l_lg 58.--Pressure dL_tributions over the modified nose lnlet_ tested. _ACA l-fl0-150 nose inlet ireluded for comparison; =--0 _.

I I

I

I.o ,:_



THE DE_ELOPMENT AND APPLICATION OF HIGH-CRITICAL-SPEED NOSE INLETS
591

9! I- I__

/J

/ / ///

//,/
/" /'" ] ]

// / I a, ._/' (_,_)I
6 I / ,, -0./

/ / /.9
--- // // 5.9

/

/ / I I i
-o 2 ., .s .s _o

v,IVo
.9

[ ,

M'_. . 7 /

/ / /." /
ii J /"

/./, .- o

I{/, ,". -- _o.,-/ , 1.8
./ ......... 3.8

(b) / .

.5o ( I .I , _
2 .d .5' .8 /0

VllVo

-
.7

!

(c)
"'u0 2 .,_ 6" 8 ZO

V,lV_

(a) EIllptieal,

(b) K-0.&

(e) K'- LS.

Flc, t'Izl; 59.--Critical Mach numbers of the modified nose inlets tested.

SUMMARY OF RESULTS

An analysis of the nose-inlet shapes developed in previous
investigations to represent the optimum from the standpoint
of critical speed has shown that similarity exists between
the nondimensional profiles of inlets which have widely
different proportions and critical speeds. With the nondimen-
sional similarity of such profiles established, the large differ-
ences in critical speeds of these nose inlets must be a function
of their proportions.
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FW, uI_z 60.--Comparison of the critical Maeh numbers of the modified and NACA l-ser[_

nose Inlet. a--O °.

The nondimensional ordinates of the B nose inlet, which
were developed in a previous investigation to be optimum
from the standpoint of critical speed, were extended and
modified slightly to improve the fairing. These ordinates,
now designated the NACA 1-series, were then applied to a
group of nose inlets involving a systematic variation of
proportions. Wind-tunnel tests of these nose inlets were
made through wide ranges of inlet-velocity ratio and angle of
attack at Mach numbers of 0.3 and 0.4. Tests of repre-
sentative nose inlets were carried to high speed (a maximum
Mach number of 0.7). Pressure distributions and critical
Mach number characteristics are presented for each of the
nose inlets tested. The results of these tests show that the
length ratio (ratio of length to maximum diameter) of the
nose inlet is the primary, factor governing the maximum crit-
ical speed. The effect of inlet-diameter ratio (ratio of inlet
diameter to maximum diameter) on critical speed is, in
general, secondary;but this ratio has an important function
in governing the extent of the inlet-velocity-ratio range for
maximum critical speed. The highest critical Math number
attained for any of the nose inlets tested was 0._9.

The data have been arranged in the form of design charts
from which NACA 1-series nose-inlet proportions can be
selected for given values of critical Math number and air-flow
quantity. Examples of nose-inlet selections are presented
for a typical jet-propulsion installation (critical Mach num-
ber of 0.83) and for two conventional radial-engine installa-
tions (critical Mach number of 0.76).

The selection charts and NACA 1-series ordinates have
been shown to be applicable to the design of cowlings with
spinners and to the design of high-critical-speed fuselage
scoops. The possibility of application of the NACA 1-series
ordinates to the experimental development of wing inlets is
also indicated.

LANGLEY ._/_EMORIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS)

LANGLEY FIELD, V.L, June 8, 19.$5.
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